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Introduction
The nickel aluminide Ni 3 Al has been attracting considerable attention for several decades. This compound provides performances of primary interest for the turbine, jet engine and furnace industry: it maintains high strength at high temperature, high melting point (~1658 K), high order-disorder transition temperature [1] , low density and good resistance to corrosion. The utilization of polycrystalline Ni 3 Al for structural applications is limited by its low ductility and by the tendency for intergranular fracture at ambient temperature. The main reason for failure is grain boundary weakness [2] [3] [4] .
The addition of third element could significantly compensate for the shortcomings of this alloy.
Solid solutions of Ni 3 Al with iron lower material costs and increase strength. Ni 3 Al crystallizes in an L1 2 type structure. Horton et al. have established the solubility limit of Fe in Ni 3 Al at less than 15 at.% [5] . The same authors claim that concomitant addition of iron and boron enables better ductility and fabricability of Ni 3 Al alloys.
It can be argued that a significant ductilization of Ni 3 Al is achieved when a third element addition preferentially substitutes on Ni sublattice [6] , but this route of alloying does not produce a significant strengthening of Ni 3 Al alloy [7] . In the work of Guard and Westbrook [8] , the focus was on electronic properties rather than on atomic sizedriven knowledge on the substitution behavior of ternary element in Ni 3 Al. This stimulated a number of early ab initio calculations [9] [10] [11] [12] . According to the direction of the solubility lobe in the ternary region, it was pointed out that Fe addition substitutes for the both Ni and Al sites in Ni 3 Al [8, 13] . Enhanced microanalysis confirms that Fe occupied both sites, but yields the conclusion that the distribution of Fe depends on the host stoichiometry [14] . By using the atom probe technique on the various hypo-or hyper-stoichiometric compositions of Ni 3 Al alloys, Almazouzi et al. proposed that at low (high) concentrations Fe exhibits a strong (weak) preference for the Al site [15] .
Similar results have been obtained earlier by the Mössbauer spectroscopy of the samples with equideficit Ni 3 Al matrix [16] . The examination of the substitutional behavior of the Fe doped Al-poor Ni 3 Al alloys was done by the extended X-ray absorption fine structure studies [17, 18] . Consideration of the observed Fe coordination number provided the conclusion that Fe is dominantly positioned on the Al sublattice.
Based on the thermodynamic modeling of L1 2 -A 3 B, Wu et al. concluded that the site preference can change with alloy composition and with temperature [19] . The thermal history of the sample is one of the deciding factors on the Fe addition site preference [20] . The investigation of Ni-poor Ni 75-x Fe x Al 25 alloys showed that Fe has strong Ni-site preference in the as-prepared and the quenched samples. In the annealed [21] . The ferromagnetic long range order in Ni 3 Al disappears (T C →0 K) when the compositional amount of nickel is below 74.5 at.% [21] [22] [23] . Above T C , the magnetic susceptibility of Ni 3 Al takes the form of the Curie-Weiss paramagnetic state [24] .
In order to clarify Fe site occupancy we have designed our polycrystalline samples as Ni 3-x Fe x Al for x = 0.18 and x = 0.36 (Ni 70.5 Fe 4.5 Al 25 and Ni 66 Fe 9 Al 25 , respectively).
The combined theoretical and experimental studies indicate that Fe preferably occupies Ni sites.
Material and methods
Polycrystalline samples of Ni 3-x Fe x Al (x = 0.18 and x = 0.36) were synthesized by the arc-melting method. Elemental Ni, Fe and Al were used as starting materials.
Weight loss during synthesis was less than 0.6% for all samples. The arc-melted ingots were annealed at 800 ºC in an evacuated silica ampoule for four days. X-ray diffraction (XRD) patterns on small polycrystalline pieces were taken with Cu K α radiation (λ = 1.5418 Å) using a Rigaku Miniflex X-ray machine. The lattice parameters were obtained by refining the unit cell using the RIETICA software [25] . Magnetization measurements were performed in a Quantum Design MPMS-5.
The
57 Fe Mössbauer spectra were obtained by constant acceleration in transmission mode using 57 Co/Rh source, at 294 K. The spectra calibrated by laser and isomer shifts are presented with respect to the α-Fe foil (δ = 0). Least squares fits were done using the WinNormos/Site software [26] . The Mössbauer line width corrections were calculated by the transmission integral. During the sample preparation for the Mössbauer measurement, a mechanical treatment like ball milling or triturating in an agate mortar was avoided in order to preserve stability of the L1 2 ordered structure [27] .
The Mössbauer sample holders were filled by pieces which had been obtained from the bulk samples by cutter tools. Low temperature magnetization curves for all samples ( Fig. 2(a) ) confirm ferromagnetic order. The ordered moment at T = 1.8 K is weak ( Fig. 2(b) ) for x = 0 but shows significant enhancement with Fe substitution, in agreement with the paper [21] .
Results

XRD data of Ni
The M(H) curves are paramagnetic above Tc's, implying the negligible contribution of extrinsic high temperature magnetic phases. Fig. 3 (a-c) shows Arrott plots of Ni 3-
x Fe x Al around the inflection points in magnetization curves ( Table 1 .
Calculation
Ni 3 Al crystallizes in the cubic structure (space group Pm-3m). In order to compare the calculated and measured results for Ni 3-x Fe x Al, we have constructed 2x2x2
supercell, starting from the optimized unit cell of Ni 3 Al and then we replaced one or two of the Ni host sites by a Fe atom. Thus we obtained the cell closest to the cases of x = 0.18 and x = 0.36, respectively.
The calculations reported here were performed with the WIEN2k code [30] , using a density functional based augmented plane wave plus local orbital (APW + lo) method [36] and the Perdew-Burke-Ernzerhof generalized gradient approximation for the exchange-correlation potential [37] . The threshold energy between valence and core states was -7.1 Ry in order to include the low-laying s states of the 3d elements. The core states were treated fully relativisticaly, while the valence states were treated within the scalar relativistic approximation. In our supercell calculations the cut-off parameter R mt K max for limiting the number of plane waves was chosen to be 7. The Brillouin zone integration was achieved via a tetrahedron method [38] , using 36 k points in the irreducible wedge of the Brillouin zone. The charge convergence criterion was set to 10 -5 electron and the maximum force acting on any atom after doping was checked to be less than 10mRy/a.u.. The results are presented in Table 2 . The usual convention is to designate the largest component of the EFG tensor as V zz .
The site preference of Fe in the bulk crystal lattice of Ni 3 Al was inspected by calculating the energies of iron point defects using the Viena ab initio simulation package VASP [31, 32] . The calculations were spin polarized, with a cutoff of 300 eV and a force criterion of 0.02 eV/Å. We modeled three different defects, with The defect formation energies are calculated from the relation:
In this formula, Є bulk is the total energy of the supercell without the defect, Є d is the total energy of the relaxed supercell containing the defect atom, n i is the number of Tables 3 and 4 .
Discussion
Al atoms occupy the cubic corner lattice sites making an Al sublattice within the γ′- (Table 1) , which correspond to the value of the largest principal component of EFG tensor, V zz = 1.6 10 21 Vm -2 (Equation 
Conclusions
The smallest calculated enthalpy of defect formation when Fe occupies Ni site in Table   Table 3 The Table   Table 4 The 
